Variability of wintertime surface air temperature (SAT) in the Kingdom of Saudi Arabia (KSA) is studied. The study is based on time series over thirty one years in length . For the analysis, we use the coefficient of variability (COV) Mann-Kendal statistical test, running mean and cumulative annual mean (CAM). The coefficient of variability (COV) for wintertime SAT decreases gradually from the north to the south of KSA. The higher values for COV occur in northern and northeastern KSA; there are due to the effect of the traveling Mediterranean depressions and their interaction with the inverted-V shape trough of the Sudan low. The relationship between COV and latitude is highly significant, while with longitude it is not significant. The Mann-Kendal statistical test illustrates that positive trends (warming) in wintertime SAT series occurs over the all stations, and that the trends are significant at middle and southern regions of KSA. Recent warming has only occurred during the last two decades at most stations. While cooling in the wintertime SAT appears for the short period of about 5 years, 1978-1983 and 1988-1992. These trends are consistence with trends in the global mean SAT. The results obtained from CAW lead to the conclusion that the thermic regime is modifying in the KSA. This dramatic enhancement, occurred at the beginning of the year 1993, is reflected in net modification in the SAT time series. The analysis of the SAT also shows a significant warming trend after the year 1997 with a rate of 0.03˚C/year.
Introduction
Changes in climatic variability continue to be major global issues, not only for the present generation, but also for future generations. One aspect of climate change is change in variability of weather elements, such as SAT. The SAT database has been extensively reviewed on several earlier occasions, most notably by [1] [2] [3] . Recently many researchers [4] [5] [6] [7] [8] have investigated the trends of climate variables and the characteristics of the climate change. Adaptation to climate change and efforts to mitigate the impacts of climate change need to emphasize not only changes in long-term mean weather attributes, but also trends in the variability of climatic parameters [9] . Given that climatic conditions evidently vary from one period to another, variability is an integral part of climate change. Consequently, response strategies and adaptations to climatic change, both at the regional and global levels, must address climatic variability. [6] has recently concluded that global warming is unequivocal. Observed to occur concurrently are changes in the regional climate in different parts of the world. The trends of regional temperature variations are important aspects of the baseline against which the potential effects of climate change should be assessed [6] . On a global scale, climatologically studies indicate an increase of 0.3˚C -0.6˚C of the surface air temperature (0.5˚C -0.7˚C for the Northern Hemisphere) since 1865 [10] . Climate scientists have concluded that: 1) The earth's surface air temperature increased by about 0.6˚C during the 20th century; and 2) The temperature augmentation was highest during the 1990s (Jones, et al., 1999) . The study of [11] indicates that there a gradual warming until about 1940, cooling ) and a second warming trend begins about 1970 in land surface air temperature. They pointed out that the recent 1976-2000 warming was largely globally synchronous but was more pronounced in the Northern Hemisphere continents during winter and spring. Wintertime surface air temperature is an issue of great concern, as its variability and specially extreme events have important economical and social implications. The successive periods of global warming, cooling and warming in the 20th century show distinctive patterns of temperature change suggestive of roles for both climate forcing and dynamical variability [12] . In the Arabian Peninsula, investigations of longterm variations and trends in temperature data are not receiving enough attention even though, these countries suffer serious environmental, agricultural and water resources problems.
In this work, the behavior of wintertime SAT over KSA since 1978 is examined with regard to persistence, non-linear trends and inter-annual and inter-decadal variations. Observation dataset and its homogeneity are described in Sections 2 and 3 respectively. Section 4 describes the methods that used, while Section 5 contains the results together with a discussion and studying the wintertime SAT changes and variability over KSA. Finally conclusions are drawn in Section 6.
Homogeneity
Lack of homogeneity in data series creates a big problem for studying time series. The time series of a climatological variable can only be said to be homogenous where the variability is caused by variations in weather and climate [13] . However, long time series without artificial changes in their statistical characteristics are rare [14] . Non-homogeneities may be caused by relocations of instruments or changes of instruments, observers and observation practices, etc. Slow changes of the surroundings of the observation site may gradually cause non-homogeneities, e.g. the case of urbanization. The timing and size of significant non-homogeneities can be estimated with statistical tests. The authors here used the short-cut Bartlett test [15] to examine the homogeneity of the surface air temperature series at designated stations. The short-cut Bartlett test of homogeneity of variance for winter air temperature is applied by dividing the series into equal sub-periods, where . In each of these sub-periods the sample variance is calculated thus; 
Methodology
A coefficient of variation for each individual station has been determined as follows: COV 100*SD   .
where, SD is the standard deviation and  is the temporal mean. The evaluation of the trend analysis is based on the [17] method. The 11-year running mean is a filtering method, it removes variations with periods shorter than 10-year in a time series and retains variations of inter-decadal timescales, which are the focus of this study. The symmetry of the weight distribution guarantees no phase shift in the variations within the time series after the filter is applied. The response function of the running mean is similar to that of an ordinary filter, see for example [18] . Also, it has little effect on variations whose frequencies are lower than the cutoff frequency of the filter but has great effect on variations of frequency near its cutoff frequency, for example, the 12-year variation.
The non-parametric Mann-Kendall (M-K) statistical test [19] [20] [21] is used to detect any possible trend in the temperature series, and to test whether or not any such trends are statistically significant. A detailed assessment for the testing of climatic data that are unevenly distributed in time and a comparison of methods for estimating the significance level of any trend can be found in a study performed by [22] . The M-K statistical test delivers provides a value that indicates direction (or sign) and the statistical magnitude of the trend in a series.
To visualize the decadal and inter-decadal fluctuations or "persistence" in the behavior of the KSA temperature, cumulative annual means method is used [23] . The advantage of this is to reveal time varying structures in time series. The cumulative annual means time series can be defined as; 
Results and Discussion

Coefficient of Variation (COV)
In this section, the variability of the wintertime SAT over KSA is explored by examining the coefficient of variation during the study period. The results are displayed in Table 3 , and Figure 2(a) . The for wintertime SAT decrease gradually from the north to the south of KSA. The higher values occur in the north and northeast of KSA with the highest one at Turaif (13.4%), the northernmost station KSA, while the lowest value of of wintertime SAT appears at Gizan (1.9%), the southernmost station in KSA. The higher wintertime values over north and northeast are due to the effect of the traveling Mediterranean depressions and their interaction with the inverted V-shaped trough of the Sudan low. (Table 3) . Generally, the of wintertime SAT is high. Therefore the winter SAT is less stable over KSA. The relationship between and latitude is positive and highly significant (r = 0.8, 99% significant level, Figure 2(b) ) while it is negative and not significant with longitude (r = -0.24, Figure  2(c)) . So, the values increase with increasing latitude (the values of at the north stations are more than those at the south) and increase with decreasing longitudes (the values of at the west stations are more than those at the east). This result is reasonable in winter season where the north of KSA has considerable difference of temperature than in the south while the difference in temperature from west to east is small. 
Trend Analysis
The wintertime SAT series for the KSA stations under study here are investigated to determine their trends. The trend analysis is performed by means of both simple and robust tools. The evaluation of the trend is based on the Mann-Kendall (M-K) statistical test, which makes no assumption regarding probability distribution for the original data, the data are tested for significance using a standard normal distribution. The spatial distribution pattern is not complex, even though the resultant M-K statistical test give both negative and positive trends. Table 3 and Figure 3 show the M-K statistical test for the 25 sites in KSA. The values of M-K statistical test were computed according to [19] . Positive trends (warming) are observed over all stations. Table 3 and Figure 3 indicate that the trends are high and significant for the southern and middle regions stations. Further insight into the results are gained through the [17] method. Persistent phases of alternating increase or decreases in temperature, which vary in length, are recognizable within the time series for wintertime SAT. Figure 4 illustrates the behavior of the temperature during the available data period of each station. It is evident from Figure 4 that, from the first period under study up to about 1983, a noticeable decrease in SAT occurs at all stations. The decrease in mean wintertime SAT reaches about 1˚C but it is not uniform across the areas under investigation. Another noticeable decrease of more than 1˚C is evident for all stations round 1987 and 1988. The results reveal that there has been an increasing in wintertime SAT (warming) at most stations in the last two decades beginning around 1993 and 1994 and continuing up to the end of the period under study. Also, an important increase of SAT in southern region (Bisha, KhamisMushait, Abha, Najran, Sharurah and Gizan stations, Figure 4(c) ) from 1984 up to the end of the period under study (2008) . These trends are in general consistence with trends in the global mean SAT since the late 19th century. The most probable cause of the observed warming in recent climate change is a combination of internally and externally forced natural variability and anthropogenic sources.
Cumulative Annual Mean (CAM)
In this section, we analyzed the long-term behavior of the wintertime SAT through CAM. The CAM can be detected the climatic shift in wintertime SAT [23] . Persistent phases of alternating increase or decrease of the temperature, which vary in length, are recognizable in the time series of the wintertime SAT. Moreover, to visualize the decadal and inter-decadal fluctuations present in the wintertime SAT, CAM is used, because they can reveal time varying structures in time-series that cannot be obtained using the original time series very likely that the 1990's was the warmest decade and 1998 the warmest year in the instrumental record, since 1861 [6] .
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Conclusions
Variability in the wintertime SAT over KSA has been investigated throughout the available data period from twenty five stations. In order to obtain a clear and representative picture wintertime SAT in KSA, the coefficient of variation   COV COV V is adopted to assess the durability and stability of the SAT in different regions of KSA. We found that the of wintertime SAT over KSA ranged from 1.9% to 13.4%, and it is usually about 6%. Also we concluded that the reason of the spatial varia tions of CO is due to the effect of the traveling Mediterranean depressions and its interaction with the inverted V-shape trough of the Sudan low. Relationship between and latitudes is highly significant, while with longitudes is not significant. Mann-Kendall (M-K) statistical test illustrates that positive trends (warming) in wintertime SAT series occurs over the all stations and the trends of wintertime SAT are significant at mid and southern region of the KSA.
COV
The use of the [17] method for surface temperature is provide to be fruitful approach to studying inter-annual climate fluctuations, because they reveal time varying structure in the raw data or in the more traditional statistical analyses. Examination of the [17] method wintertime SAT over KSA has revealed support for the notion of extended "persistence" over several years, even though simple year-to-year persistence may be evident. The wintertime SAT of the area is characterized by warm periods 1993-2008 at all regions of KSA stations, and 1984-2008 in southern region stations. While cooling in the wintertime SAT appears for the short period of about 5 years, 1978-1982 and 1988-1992 . A warm period was not uniform, continuous or of the same order. Recent warming has only occurred during the last two decades at most stations. These trends are in general consistence with the global trends in the mean surface temperature. The most probable cause of the observed warming in the recent climate change is a combination of internally and externally forced natural variability and anthropogenic sources.
Regarding to the analysis of CAM, one can see that, the CAM patterns for all stations approximately have the same behavior throughout the observational period. Fluctuation every 5 years from cooling to warming and in reverse is found in the most stations from the beginning period up to under study up to 1992. A gradual warming is found from 1993 up to the end of the period 2008. The average warming trend evaluates approximately by about 0.5˚C. On other hand, the average cooling trend evaluates by 1.0˚C in the period (1978) (1979) (1980) (1981) (1982) and 0.3˚C in the period (1988) (1989) (1990) (1991) (1992) . The climatic shift in wintertime SAT from cooling to warming is found in the first half of 1990's in all stations with an exception southern region. In southern region the climatic shift in wintertime SAT, begin in the mid of the 1980's. Moreover, the most important feature is the change, from below average of CAM to above average of CAM, during the second half of the 1990's in the most stations. These results seem to coincide with the [6] scientific report. Globally, it is very likely that the 1990's was the warmest decade and 1998 the warmest year in the instrumental record, since 1861 [6] .
